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Abstract

One of the more recent topics in transportation policy making and project
prioritization in DOT’s across the United States is how to improve quality of
life. This quality of life focus is an intersection of public health and transportation and has many different branches including traffic safety, pollution,
active transportation, equity, and accessibility to resources. The topic among
these that seems to receive the least attention is equitable access to resources.
However, with the proven impact that equitable access to resources has on
physical and emotional well-being, as well as economic opportunity it is
important to ensure that all populations, including minority and low income
populations have the same accessibility as those in the majority and high
income populations. Transportation and public health researchers have
constructed several quantitative measures to define accessibility, but the
most frequent methods used lack the ability to include quality measures of
the resource or a variable distance threshold. Therefore, it is important to
use a more inclusive definition of accessibility that we can develop using a
utility-based accessibility model. This paper develops a logit model with
different variables and parameters in order to identify which variables are
important and should be included in accessibility measures. The variables
come from the impedance attributes for the different modes of travel and
the location attributes that were obtained from a NEMS-S (Nutrition Environments Measures Survey in Stores) survey conducted in three counties
in Utah. The parameters were developed using LBS data and identifying
flows from home block groups to grocery stores, and then creating synthetic
trips with non-chosen alternatives. After the utility model is created, we are
able to use those utility values to create different logit models, each having
a different set of variables included. These logit models were analyzed to
find the variables that have a significance on the model. From the models it
was found that cost of goods, as well as availability of quality goods have
a significant impact on which grocery stores were chosen in the model. In
addition, other variables such as size of store and mode of travel have a
significance as well. From the models identified, it was found that in order to
have an accurate accessibility model it is important to include these variables
that are found to be significant in grocery store choice. These results can
help with developing transportation policies and help to improve equitable
access in cities.
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Introduction

1.1

Problem Statement

The Utah Department of Transportation (UDOT) recently adopted a new
mission to “Enhance the Quality of Life through Transportation,” alongside a
four-part framework: Better Mobility, Good Health, Connected Communities,
and Strong Economies (UDOT, 2019). A critical role of the transportation
system in accomplishing all elements of UDOT’s mission is ensuring that
all Utah households have adequate access to quality nutrition and other
community resources. Access to quality nutrition is shown to have a
correlation with mental and physical well being (Francis et al., 2012), and
there are many communities that do not have good accessibility to quality
nutrition, with the main options being either more expensive for quality
goods, or no quality goods available.
“Accessibility” is an abstract concept without a specific quantitative
definition (Handy and Niemeier, 1997). However, using accessibility as a
policy measure requires comparative quantification, and transportation and
public health researchers have constructed several quantitative measures.
Some commonly used measures include:
• Nearest destination: How close is the nearest grocery store?
• Opportunities within a travel time: How many grocery stores can be
reached within 30 minutes?
These types of measures require the researcher to make a series of
assumptions and assertions: why is 30 minutes chosen instead of 40? Is that
time by transit or highway or walking? Should these definitions change for
individuals in different socioeconomic groups? And do people always go
to the closest grocery store to begin with? How much further are people
willing to travel to go to a store that is cheaper or that has a wider variety
of goods? A measure that combines all of these different considerations is
desirable.

1.2

Objectives

The objective of this project is to develop an understanding of what variables
and attributes are desirable in grocery stores for different counties as well
as different socioeconomic groups, in order to help identify where to make
improvements to increase equity and accessibility. The proposed logit model
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methodology is developed from a connection between three extensive data
sources:
• A detailed survey of the nutrition market
• Location-based services data derived from mobile phone records
revealing which grocery stores are frequented by residents of different
neighborhoods
• Multi-modal network data providing detailed estimates of access by
car, bicycle, walking, and public transit.
These data will be combined in order to develop accurate logit models
that demonstrate the variables that are significant to grocery store choice in
Utah. These models could then be used to find accessibility to stores and
impact transportation policy to improve quality of life for all communities in
Utah.

1.3

Outline

This project will begin by conducting an analysis of current transportation
policies that have been done across the United States to portray there is a
lack of information and policy correlating to accessibility in general and
specifically equitable access to resources. We will then conduct a literature
review of current accessibility measures as well as equity and access to show
that current methods are lacking in their scope of identifying accessibility.
We will continue by describing the methodology, specifically why we use
the utility-based access measures, how we find the impedance for those, and
how we collected the location attributes. We then describe how we develop
the parameter estimation using LSB data and our resulting data. We follow
by presenting and analyzing the results of the location attribute data, and
continue by discussing the results of the logit models that were developed
and the attributes that were found to be significant.
We then follow with the conclusions of our results, what we have found
through the research and how we feel this project and these results could
be useful and transformative in helping to develop transportation policy in
Utah and the United States.

2

Analysis of Existing Policy

2.1

Overview

This chapter describes the state of research and different policies that have
been implemented using public health and health-based metrics within
transportation agencies.

2.2

Transportation Agencies and Public Health

Transportation policy impacts the way our transportation systems function
in cities, and along with that, impact the way that we live our lives as well.
For example, transportation policy that demands a certain level of safety on
roadways creates a better, safer, travel network for those using the roads. Also,
policy that puts the pedestrian first helps improve the quality and quantity
of sidewalks and bike ways in cities, improving active transportation. There
are many different types of policies that can be established, whether they be
required by federal law, or established through the individual decisions of
local or state governments. Because these policies make such a big impact
on the way we live it is important to discover what types of policies exist
currently, where there are areas that are missing in policy and practice, and
discover how this research can help to bridge the gap between identified
need and practical application.
How UDOT and other departments of transportation (DOTs) approach
their responsibility to improve quality of life beyond providing mobility is a
relatively recent concern. In this section, we discuss how DOTs have begun
incorporating public health concerns into their policy making and project
prioritization processes.
Transportation impacts public health across several different sectors
identified in the literature, which have been grouped together into four
general topics:Traffic Safety, Pollution, Active Transportation, and Access
to Community Resources. These four topics mirror the focus points of the
UDOT mission, with Traffic Safety and Pollution corresponding to Good
Health, Active Transportation corresponding to Better Mobility, and Access
to Community Resources corresponding to Connected Communities and
Strong Economies.

2.2.1 Traﬃc Safety
Arguably the area where most attention has been given in terms of a
public health perspective informing transportation decision making concerns
3
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vehicle and roadway safety. This attention is deserved, as transportation
safety is a major public health concern. In 2021 there were 329 total fatalities
and 1734 serious injuries resulting from car crashes in Utah, the highest it
has been in the past 8 years (Zero Fatalities, 2022).Efforts to improve traffic
safety in policy take various forms.
One of the strategies to improve safety focuses on educating the public to
minimize reckless and distracted driving. Research clearly shows the danger
of both reckless and distracted driving and we have seen a recent national
focus on eliminating distracted driving (Aarts & Schagen, 2006; Https, 2022).
In response, Utah has implemented the Zero Fatalities program, focusing
on decreasing the number of roadway fatalities to zero by educating the
public on deadly driving behaviors, including distracted driving, aggressive
driving, drowsy driving, impaired driving, and not wearing seat belts (UDOT,
2022). Zero Fatalities has different age-specific educational materials for
students and teachers. These age groups include pre-drivers, new licensed
teenagers, experienced drivers, and even driving instructors. But, educating
the public does not solve all safety concerns; if the roadways themselves are
not safe for the drivers, there needs to be a change to those roadways as well.
Efforts to change the roadways have focused on improving facilities design
to enhance safety for cars as well as for bikes and pedestrians (Charreire et
al., 2021; Jarry & Apparicio, 2021; Monfort et al., 2021). In 2012 the Federal
Highway Administration established a federal aid program titled the Safe
System Approach that focuses on different programs including the Strategic
Highway Safety Plan (SHSP), Highway Safety Improvement Program (HSIP),
Railroad-Highway Crossings Program (RHCP), and High Risk Rural Roads
(HRRR) (Finkel, 2022). Of these four programs included in the safe system
approach, the HSIP is the only one that has been mandated and implemented
in every state, including Utah. The HSIP gives federal funding for projects,
plans, activities, and reports that improve safety of highways. The state must
meet the requirements of 23 U.S.C. 148 in order to access this funding and
must submit reports of how the project has improved safety in the state.
Vision Zero (Vision Zero Network, 2022) is a safety program funded by a
non-profit organization that has been implemented in many communities
and combines improving facilities and educating the public. Vision Zero is a
tool to help communities create action plans and strategies. In order to be
involved in Vision Zero the following must be true:
• the community must have a clear goal and plan with a process in
place to accomplish the goals (including a target date for when the
community will reach zero fatalities)
• the community leader must declare that they are joining the Vision
Zero community to strive for zero fatalities on the roadway.
This program is a multi-national road traffic safety program and something that has potential to greatly improve traffic safety in communities
where it is implemented. The Vision Zero focus is to eliminate traffic fatalities and severe injuries with a clear strategy or plan. A map showing
the communities involved is in Figure 2.1. Vision Zero has not yet been
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Figure 2.1: Communities Involved in Vision ZERO Program

implemented in any communities in Utah. Two major differences between
Vison Zero and Utah’s Zero Fatalities program are that Zero Fatalities does
not yet have a specific target date of when the state will reach zero fatalities,
and Vision Zero typically includes many stakeholders such as transportation
professionals, policy makers, public health officials, police, and community
members.

2.2.2 Pollution and Environmental Justice
Another place where transportation and public health intersect is pollution
and related environmental justice issues. A large percentage of airborne
pollution comes from vehicle emissions including over 55% of nitrogen
oxides (NOx), less than 10% of volatile organic compounds (VOC), and less
than 10% of particulate matter (PM). Vehicle emissions are of the largest
contributors to PM2.5 levels around the globe. Studies have shown the
impact of fine particulate matter (PM2.5) and ozone levels on health and
have found about 36,000 deaths a year attributed to these levels (Choma et
al., 2021; Fann et al., 2013). In addition, PM2.5 has been linked to various
health defects such as respiratory and cardiac symptoms, and exacerbate
many other health conditions (Schraufnagel et al., 2019).
Vehicle pollution has been addressed differently across states. California
has a Zero-Emission Vehicles (ZEVs) strategy to increase the access of electric
vehicle chargers along the roadway networks, support local transit transitions
to zero-emission technology, and support the development of zero-emission
freight technology. Delaware established a Strategic Implementation Plan
for Climate Change, Sustainability and Resilience for Transportation, and
Massachusetts has begun a new Low Emission Vehicle Program requiring
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Figure 2.2: Nonattainment Counties in the United States

most new vehicles to be equipped with advanced emission control systems. Utah has implemented a Noise Abatement Policy to decrease noise
pollution which complies with federal regulation according to NEPA to be
environmentally responsible.
On a national level, however, the Environmental Protection Agency’s
(EPA) Clean Air Act sets certain quality standards for pollutants in the air.
These standards are found in the EPA Green Book (EPA, 2022). States are
required to meet these standards or develop a plan to improve pollution
levels. The map in Figure 2.2 shows counties in each state that do not meet
the standard for the identified air pollutants. As can be seen, there are
several counties in Utah that do not meet the federal air quality standards
for certain particulates, so there are opportunities for improvement.
One problem with fine particulate matter and vehicle pollution is that
it has differential effects related to demographics, with some communities
experiencing more severe health disparities (Chakraborty, 2021). In order
to more equitably address some of these pollution problems, the EPA has
established a guidance related to Environmental Justice to “determine any
disproportionately high and adverse human health or environmental effects
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to low-income, minority, and tribal populations”. This guidance is met
through the National Environmental Policy Act (NEPA), which requires an
impact assessment for every federal action – including most transportation
infrastructure projects – that could have an impact on the environment. A
report must be submitted describing any potential environmental or health
impacts, or findings of no significant impact. This is intended to protect
communities that could be more adversely affected by new transportation
projects or improvements.
In some ways these national and state measures have helped, and recent
evidence that shows a decrease in air pollution related deaths in the U.S.
(Choma et al., 2021). However, more work needs to be done in order to
further decrease pollution related death and disease. This is true for existing
facilities that can be improved to be more equitable and less polluted as well
as any new policies or projects that can be designed to limit or decrease
pollution.

2.2.3 Active Transportation
Active transportation is an intersection of public health and transportation
that includes walking and biking improvements, as well as public transportation. Both individual activity and public transportation system design
are important when looking at active transportation. When looking at
individual activity, direct correlations have been found between perceptions
of well-being and social contact which comes through walking and biking
and in relation to public transportation infrastructure a positive correlation
was found between quality of life and multimodal trips (Cobbold et al.,
2022; Gerike et al., 2018). In addition, correlations have been found between
mode choice, the use of public transportation, and health, showing that the
more a car was used for transport, the higher the BMI (Body Mass Index),
supporting the connection between health and active transport and supporting the improvement of public transportation infrastructure to encourage
sustainable mobility (Dedele & Miskinyte, 2021; Dons et al., 2018).
Active transportation measures and how they impact health can be
somewhat difficult to track, but the best way to do so is by analyzing different
data that has been collected in regards to health and transportation. To
analyze the data on active transportation more completely, the US Department
of Transportation has partnered with the Centers for Disease Control and
Prevention (CDC) to develop the Transportation and Health Tool (USDOT,
2022). This tool provides easy access to data of public health indicators and
transportation in each US State and metropolitan area. These data include
indicators such as obesity rates, percent of physical activity in trips taken,
and how much federal funding was used to support active transportation
infrastructure.
Using this data from 2017 in each state we created the following maps
(Figure 2.3, Figure 2.4, and Figure 2.5). Figure 2.3 shows the percent obesity
by state with 24.2% being the least in Colorado while Figure 2.4 shows the
percent of trips that include physical activity with white being the highest in
order to find a correlation between colors in the maps. As can be seen there
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Figure 2.3: Obesity in the United States

does seem to be some pattern, with those states that have a higher physical
activity, also having a lower obesity rate. There are a few outliers, such as
Nevada, with a low obesity rate and a low physical activity percentage, but
overall, there is a correlation coefficient between the two of 0.64.
The next idea was to discover if there was any correlation between
amount of physical activity and amount of federal funding spent, which is
the purpose of the third graph shown in Figure 2.5. When comparing this
figure, which has the most amount of federal spending in white there does
again seem to be some correlation between federal spending and physical
activity percentage. The states with the most federal spending also tend
to have a higher physical activity percentage whereas the states with the
least federal spending also tend to have a lower physical activity percentage.
Again, there are a few outliers, but the overall trend implies a correlation.
Obesity is a problem in the United States, and with these graphs there
does seem to be a correlation between increased active transportation and
decreased obesity. In order to improve public health one goal could be
to improve physical activity in transportation dramatically in states. The
highest percentage of physical activity was in New York with about 20%. In
order to improve this percentage to make 20% be a more normal value rather
than the exception it is important that each state put more of an emphasis on
public transportation and active transportation projects.

2.2.4 Accessibility to Resources
In addition to helping improve health, public transportation and active
transportation project also improve accessibility to resources. Accessibility
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Figure 2.4: Physical Activity Percentage by Trips in the United States
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Figure 2.5: Physical Activity Percentage by Trips in the United States
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Figure 2.6: Complete Streets Policies by State (Smart Growth America)

to resources has also been widely studied in the past and will be analyzed
more completely later in this chapter. The main idea of equitable accessibility
is to make sure that each race, economic background, and age has an equal
transportation option or alternative to access different public goods and
resources. Equitable accessibility can have a dramatic impact on public
health and is an important part of transportation policy (Aggarwal et al.,
2014). However, the presence of accessibility to resources in research and
application in different states is somewhat limited.
At a minimum each state must adhere to the federal Americans with
Disabilities Act (ADA) standard when designing roadways or other infrastructure. In addition, there is the federal complete streets policy that is
implemented throughout the nation. According to Smart Growth America,
a non-profit organization that helps foster equitable and sustainable communities, there are 35 state governments that have adopted complete streets
policies, with Utah being one of those states (Smart Growth America, 2022).
Complete Streets requires streets to be planned, designed, and maintained
to enable safe and comfortable access and travel for all users regardless of
age, abilities and mode of transportation.
This map shown in Figure 2.6 gives a visual representation of which
counties, cities, and towns have adopted a Complete Streets Policy. As can
be seen, even in the states that have adopted a policy, there are still massive
regions that do not have that policy implemented that still need the impact
of equitable accessibility in projects and policy.
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Summary

Overall there are many ways in which transportation and public health
are intertwined in public policy, however, this research will focus on the
last way we discussed, which is accessibility to resources. We will be
focusing specifically on this because of the lack of concrete policy that has
been established along these lines. The projected results will help identify
clear ways in which the current transportation system could be improved,
inspiring direct policy changes to increase equity and accessibility.

3

Literature Review

3.1

Overview

This chapter describes literature that has been specifically written on access
and equity, relating to the intersection of public health and transportation
that is accessibility to resources. We will also identify efforts that have been
done in the past to evaluate –and potentially improve –access to community
resources, and in particular grocery stores and healthy nutrition.

3.2

Access and Equity

Equitable access to community resources has been a topic of research and
study, especially when looking at the impacts on measures of well-being
and economic opportunity. Current social issues, economic opportunity
and equity are significant topics which can help us to ensure that each
demographic of the population can have the same opportunities. Equity
as a term is being fair and impartial, different from equality. Equality
is providing the exact same thing to all people, whereas equity would
provide different things to different people because of their circumstances
in order to create a fair system. Lower income populations frequently sit at
a different level of advantage than higher income populations, including
when looking at accessibility (Grengs, 2014; Hu, 2015; Witten et al., 2012). It
is important to discover how different transportation policies can improve
accessibility to create better equity. Creating equitable societies and equitable
transportation policies is important in order to remove any discrimination
already present in the transportation network. In this way states can decrease
the disparity that is common when looking at different neighborhoods and
demographics. Perhaps there are low economic neighborhoods that do
not have the same economic opportunity or resource accessibility as higher
income neighborhoods. If we increase the accessibility of low-income
neighborhoods, could that then increase the quality of life and health for
those neighborhoods as well?
In addition to economic opportunity, the connection between well-being
and opportunity is also significant, discovering who has access to which
resources and how that access corresponds to their health (Cass et al.,
2005; Ermagun & Tilahun, 2020; Handy & Niemeier, 1997; Schwanen et al.,
2015). A subjective sense of positive well-being correlates with increased
access to more community resources. This increased access was specifically
connected with variety of resources, not necessarily number of the same type
12
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of resource. This is true for both high and low income populations. However,
high income demographics frequently tend have better access to a variety of
resources because of such variables as available child care, a transportation
source available, or even time available to do things (Currie & Delbosc, 2010,
2011; Liu et al., 2021). In addition, increased access to resources such as
parks or other greenspace have been found to decrease likelihood of mental
health disorders, as well as improve physical activity (Francis et al., 2012;
Madzia et al., 2019). Different age groups each have a different response
to access to greenspace. However, among all age groups there is a positive
correlation.In addition to health impacts, lack of accessibility also affects
economic opportunity when considering access to employment, affordable
care, and other stores and shops (Currie & Delbosc, 2010; Hu, 2015).

3.3

Grocery Stores and Food Swamps

While there are many different community resources that can be the center
of study, such as libraries, green space, hospitals, etc., this project will focus
on the resource of grocery stores and discovering any correlation between
accessibility to good nutrition environments such as healthy grocery stores
and the demographic makeup of specific block groups, such as economic
bracket and different ethnic groups. Lack of accessibility to grocery stores can
have an effect on physical health and well-being (Aggarwal et al., 2014). This
is related directly with consumption of healthy foods, as well as indirectly
with perceived sense of well-being.
Much of the current research that has been done has shown a different
level of accessibility for different demographics, such as low income populations. Low income populations have been shown to frequently have less
access to fresh fruits and vegetables (Aggarwal et al., 2014; Algert et al.,
2006; Losada-Rojas et al., 2021). This may not be directly correlated to the
physical distance from a grocery store, but the store that was chosen for these
demographics. In a study analyzing grocery store choice in Seattle it was
found that in some instances, there is a closer store with better produce, but
for some reason it was not chosen and instead a store that was further away
was chosen that did not have the same quantity and variety of fresh produce.
This was found again in a different study, that frequently people will travel
to a store that is not the closest store for different reasons (Clifton, 2004;
Hillier et al., 2011). This study will help to determine that choice pattern
and identify which variables are important when choosing a store to help
improve accessibility more than simple distance measures.
Areas that do not have any full service grocery stores however are also
important to look at, with those areas being known as food swamps. These
food swamps are an idea that there are locations where there is not healthy
food available, so the only option that is readily accessible for food or meals
would be fast food or convenience stores. There have been studies analyzing
the different food swamp areas and what could be done to improve those
areas, such as adding grocery stores or corner markets (Bao et al., 2020).
These food swamps are areas that discriminate between those without a
readily available transit options and those with easy access to cars, creating
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a barrier to equity. In addition, these food swamp areas are especially
significant when looking at the public health impacts of food accessibility
and discovering how we can improve the quality of food available to those
in every demographic to create an equitable solution to health differences.

3.4

Summary

Past research done clearly shows that location of store, quality of store, and
price of store all have an impact on choice of grocery store and accessibility
to grocery stores. This impacts the quality of life and overall health and
well-being of individuals and shows the importance of discovering which
variables are most significant in grocery store choice in order to improve
accessibility and equity.

4

Methodology

4.1

Overview

Developing accurate choice models begins by collecting accurate and complete data. This section describes how we collected the data needed to
develop the choice models. We then describe how the data were processed
and analyzed. These datasets are all used in order to find the values for
different parameters and variables included in the utility-based model. We
begin this section by discussing the definition of accessibility and why it is
important to have a comprehensive accessibility model. We then discuss
the significance of using an utility-based model instead of other accessibility
models. We continue by discussing the variables and parameters involved in
the model and how the values are calculated. This involves several separate
processes: developing impedance factors for mode of travel using travel
times and mode choice models, collecting the location attribute data from
the individual grocery stores involved in the study with a NEMS-S survey,
collecting the LBS trip data for parameter estimation, and putting all these
variables into a utility-based accessibility model. We will then discuss how
we use these different impedance factors, location attributes, and parameter
estimations to find the accessibility of individual locations.

4.2

Deﬁnitions of Accessibility

Because accessibility is an abstract concept, when first looking at accessibility,
one must first define exactly the definition, and what we are using to
determine whether a certain resource is accessible or not. This is because
there are so many ways to define it that different research can use different
methods and definitions to describe accessibility, which impacts the overall
conclusions that are drawn.
Typical methods to determine accessibility are limited in their capacity
to capture an accurate space-time environment. Transportation and public
health researchers have constructed several quantitative measures to define
accessibility. Two methods frequently used are travel time buffers or an
arbitrary distance threshold. (Chen & Yeh, 2021; Widener et al., 2015) In other
words, how far away is the nearest grocery store, or how many grocery store
options are there within a certain distance. The drawback to these methods
is that there is a very distinct line of accessibility and inaccessibility. With
an arbitrary distance threshold of 5 miles there may be a person who lives
5.1 miles away from a store, but has been deemed to have poor accessibility,
15
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even if there happens to be a bus route right next to the neighborhood.
Meanwhile, there could be someone living closer that has been determined
to have good accessibility but does not have the same access to the public
transit resource and so has relatively poor accessibility. An arbitrary time
threshold can include some aspects such as distance to a transit stop because
it looks at time to reach a destination by any mode, such as walking, biking,
public transit, or by car. However, it also still draws a distinct buffer line of
accessible and inaccessible. Also, both these methods require the researcher
to make assumptions on why specific values are chosen, such as 3 miles
as a distance threshold instead of 5. This decision can have a great impact
on the determination of who actually has good versus poor accessibility.
In addition, different variables that are not included in these models may
have a dramatic effect on an individual’s accessibility. For example, neither
of these models include the quality or size of the grocery store in their
analysis which could be important especially when looking at equity and
health impacts. Perhaps there is a small grocery store that does not have
good quality produce or does not have a large variety of food items, but it
is close to a house that is thereby deemed to have good accessibility, but
there is perhaps a larger, better grocery store that is slightly further away
that is actually the one that the person would prefer to go to if they only
had increased mobility. Also, neither of these models include personal
preference when looking at accessibility. Perhaps a person may be willing
to travel 10 more minutes for a different grocery store that might be more
ethnically diverse, cheaper or have perhaps have different options, such as a
pharmacy available. This was discussed previously in the literature review.

4.3

Utility-based Access Measures

There are several different measures that have been used in the past when
analyzing accessibility of resources in a community. These measures were
discussed previously in the literature review and are briefly reviewed again
here. Some of these measures include a distance model and an isochrone
model that both define accessibility based upon a specified distance from a
location. This creates an accessibility buffer with a comparatively limited
range of analysis. This model fails to include variables such as familiarity
with the store, price comparison, or availability of different foods. The benefit
of using a utility-based accessibility model is that it relies on observing people
making choices and incorporating those choices into an overall accessibility
score. The different variables of attributes or impedance are assigned
coefficients that either positively or negatively affect the utility based on
the choices that the travelers made. A utility-based model has been used
in the past to analyze accessibility with some success in Alameda County,
California as well as Utah County, Utah (Macfarlane et al., 2020, Macfarlane et
al., 2022). In our model, in addition to using the different location attributes
of the grocery store to improve our utility model, we will also be using
attributes for the traveler based on the sociodemographics of the origin block
groups and the mode choice as impedence factors.
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A basic location choice utility equation using these impedance factors
and location attributes is as shown below.
𝑈 𝑖𝑗 = 𝛽1 𝑓 (𝑘 𝑖𝑗 ) + 𝛽 2 (𝑥 𝑗 )

(4.1)

In this equation 𝑘 𝑖𝑗 represents the distance from i to j and 𝑥 𝑖 represents
the location attributes of j. The variable values are developed using different
methods for the impedance travel times and the location attributes. The way
that these variables are calculated as well as how the 𝛽1 and 𝛽2 parameters
are calculated are described in detail below.

4.3.1 Impedance
The impedance attributes are important in order to accurately represent the
likelihood of a person choosing one mode of travel over another mode of
travel. Each mode of travel has different pros and cons, and the impedance
attributes compile all those together to create one value that represents the
benefit or drawback of one mode of travel over another mode of travel.
In this research, we use the r5r (Pereira et al., 2021) implementation of
the R5 (Conway et al., 2017, 2018; Conway & Stewart, 2019) routing engine
to obtain travel times by automobile, transit, and walking. The R5 routing
engine is called this because it executes rapid realistic routing on real-world
and re-imagined networks. R5 is beneficial because of the realistic way in
which it plans its trips, planning several departure times in a time window,
which better reflects actual human use of transportation systems. This is
because frequently when people use transit systems they do not leave at
exactly 8:30 am, they may leave slightly before or slightly after in order
to catch a specific transit line. Therefore, having several departure times
in a window lets r5r plan for the most optimal departure time, which is
most realistic for what people do. R5 networks are built from publicly
available OSM (OpenStreetMap) networks as well as GTFS (General Transit
Feed Specification) data for transportation systems. For this project the
OpenStreetMap pbf file was obtained through the Geofabrik website for
the Utah region. In addition, we obtained the GTFS file for October 2019
through the Utah transportation transitfeeds website. We used October 2019
data in order to have a consistent transit and travel network for all analyses.
These travel times are beneficial for us in order to develop travel
impedance factors for different modes of travel. Just as a location choice
model logsum can represent accessibility, a mode choice model logsum can
represent multi-modal travel impedance. Utility equations for generating
mode choice involve a general linear form equation for each mode alternative
including auto, bus and walk.
𝑉𝑎𝑢𝑡𝑜 = −0.02(𝑡𝑖𝑚𝑒 𝑎 ) − 0.5(𝑐𝑜𝑠𝑡 𝑎 )

(4.2)

𝑉𝑏𝑢𝑠 = −0.02(𝑡𝑖𝑚𝑒𝑏 ) − 0.5(𝑐𝑜𝑠𝑡𝑏 ) − 1.2(𝑑𝑖𝑠𝑡 𝑎𝑛𝑐𝑒)

(4.3)

𝑉𝑤𝑎𝑙 𝑘 = −0.02(𝑡𝑖𝑚𝑒𝑤 ) − 0.5(𝑐𝑜𝑠𝑡𝑤 ) − 2.8(𝑑𝑖𝑠𝑡 𝑎𝑛𝑐𝑒)

(4.4)

𝐿 = 𝑙𝑛(𝑒 𝑉𝑎𝑢𝑡𝑜 + 𝑒 𝑉𝑏𝑢𝑠 + 𝑒 𝑉𝑤𝑎𝑙 𝑘 )

(4.5)
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These equations use values such as cost of the trip, distance of the trip,
and time of the trip for any observed difference between alternatives. It
also includes coefficients for those parameters that vary equally between
modes, such as cost of travel. This is because a dollar is worth the same
for one type of travel as another type of travel. The last coefficient that is
included is coefficients for estimations that vary between mode choice such
as distance of travel. This is because a distance like two miles is perceived
differently for a person who is walking rather than someone who is driving
in a car, it may be the same distance but significantly more time and energy
for walking. Therefore the coefficients for distance would be different per
mode. Using these mode choice equations we can develop observed utility
for mode choice that can then be entered into the impedance variable value.

4.3.2 Location Attributes
The Location Attributes are significant because of type of accessibility model
we are creating. As described above previous definitions of accessibility
generally do not include such attributes such as size of store, or quality of
produce, but collecting the location attributes with the NEMS-S (Nutrition
Environment Measures Survey in Stores) tool allows us to have those attributes and include them in the accessibility measure in order to create a
more accurate and complete choice model.
The location attributes were collected using a NEMS-S tool. This tool
was developed and evaluated in 2004 and 2005 and found to have a high
degree of test reliability and reveal significant differences across store types
and neighborhoods (Glanz et al., 2007). The NEMS-S instrument is a
validated tool for estimating the availability of healthy food alternatives
in an environment. The NEMS-S tool collects information about various
store attributes such as number of cash registers, manned and we added
unmanned (self-checkouts) as a separate attribute as well as the type of store,
namely whether it is a general grocery store, grocery store with pharmacy,
ethnic food store, or dollar store. In addition it collects data on the availability
and price of various food items such as milk, fruit and vegetables, ground
beef, bread, juice, and more. These data are then compiled to develop two
different NEMS score measures: an availability score and a cost score.
Student researchers collected the NEMS-S data for stores in Utah County,
West Valley City and the environs in Salt Lake County, and San Juan County.
San Juan County data collection included San Juan County in Utah as well as
Cortez, Colorado, and Farmington, New Mexico in order to more accurately
portray grocery store choice among those in these areas. These counties
were decided upon based upon their distinct attributes, with areas in Salt
Lake county, specifically West Valley City and environs being a more dense,
more diverse area, San Juan County being a very rural, spread out county,
and Utah County being a combination of the two. When collecting lists of
stores to collect data on, we tried to compile a list of all general grocery stores
as well as dollar stores starting by using OpenStreetMap and then verifying
and adding or removing store using googlemaps. We did not collect data on
corner stores or pharmacies such as Walgreens or CVS, however, we collected
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data on full service grocery stores and dollar stores because grocery stores
are the most used for grocery shopping, but there are other possibilities such
as dollar stores that are perhaps used more frequently for those who have
less access to other stores or who are in a lower income class that prefer to
shop at dollar stores. We also chose not to include any gas stations because
of the lack of goods offered. Research was collected in the spring of 2021
for Utah County and spring of 2022 for Salt Lake and San Juan Counties.
Each researcher who collected data was trained to use the survey at a control
store in Provo. The initial data collected at training were all compared with
each other in order to determine that there was no surveyor bias when filling
out the survey. There were also several stores in Utah County that were
surveyed again in 2022 in order to develop an inflation rate for the store to
be able to have accurate comparison between counties and stores because of
the difference in time collected.
Both the availability and cost scores as based on the NEMS-S protocol
look at the relative availability and cost of healthier vs. unhealthier options
in stores. For example, in the availability score each store is given a value
for whether or not there are healthier options available in the store, such as
lowfat chips, or lowfat milk. If the store does not have a healthier option it
receives a lower score, so the higher the score the more healthier options
the store has available. For the cost score the NEMS function compares the
cost of healthier vs. less healthy options. In this case it looks at whether the
healthier options are less expensive or more expensive than the less healthy
options. If the healthier option is less expensive the store gets a higher score,
so the higher the score receives the more affordable the healthy food options
are. Both these score values are taken from a similar NESM-S study done in
Denver, Colorado (Lunsford, 2016).
One score that the NEMS-S tool does not contain is a straightforward
way to compute the affordability of groceries; we therefore created a market
basket-based affordability measure that could be compared across stores. A
similar measure was used an compared to be significantly correlated with
the NEMS-S scores in a study accross four states (Hedrick et al, 2022). This
market basket score was created using the USDA 2021 Thrifty Food Plan
(FNS, 2021). In the Food Plan it contains a Market Basket for a reference
family of four. We used amount values from the Thrifty Food Plan and
multiplied by the price of the good in the store. Because this market basket
contained more (and sometimes different) items than what we had data on,
we chose relevant items from our NEMS-S data and used those amounts to
create the market basket such as replacing chicken in the market basket with
ground beef. For example, the market basket calls for 6.7 pounds of whole
grain staples and 5.65 pounds of refined grain staples. We used those pounds
values for amounts of whole bread and white bread. For any stores that were
missing any of the ingredients for the market basket, we tried to substitute
with any other ingredient that would fit the requirements, and if that did not
work, we substituted with the average price across stores multiplied by 1.5
as a penalty for not containing the product. The final market basket score is
the total cost of all foods in the market basket. A general equation showing a
few of the variables included can be seen in Equation (4.6).
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𝐶𝑜𝑠𝑡 = 6.7(𝑐𝑜𝑠𝑡𝑤 ℎ𝑒 𝑎𝑡𝑏𝑟𝑒 𝑎𝑑 ) + 5.65(𝑐𝑜𝑠𝑡𝑤 ℎ𝑖𝑡𝑒𝑏𝑟𝑒 𝑎𝑑 )+
15.13(𝑐𝑜𝑠𝑡𝑤 ℎ𝑜𝑙𝑒𝑚𝑖𝑙 𝑘 ) + 25.48(𝑐𝑜𝑠𝑡 𝑙𝑜𝑤 𝑓 𝑎𝑡𝑚𝑖𝑙 𝑘 )

(4.6)

These costs can then be compared from store to store to understand
general affordability comparisons between stores.

4.4

Parameter Estimation

The 𝛽 coefficients in the utility function presented in Equation 4.1 represent
how important the various attributes are to peoples choices. These can be
either positive or negative depending on how important they are to people.
With accurate coefficient measurements, we can then use the model for a
more robust analysis of accessibility. To estimate these coefficients, we use
observations of people choosing to visit each store present in location -based
services data.

4.4.1 LBS Data
Streetlight data is a company that uses location-based services data to provide
traffic counts, Origin-Destination trips, Vehicle Miles Traveled, and more.
In the last several years, various commercial data products developed from
mobile device and location-based services (LBS) data have entered common
use in transportation planning activities. Applications or websites that serve
mobile content based on a user’s location will log this location information
and sell the data to commercial third-party aggregators. These aggregators
in turn will weight and anonymize the data before selling the prepared
datasets to transportation planning agencies. These LBS datasets typically
contain vehicle or person flows between spatially defined zones, sometimes
segmented by inferred transportation mode, time of day, day of week, or
imputed trip purpose. Streetlight Data has been used in past projects with
success in determining accurate trip counts for different modes of travel
(Turner et al. 2019). These datasets have been shown to accurately reflect
visits to recreation areas and other land uses (Monz, 2019), and are becoming
a common part of transportation planning practice (Naboulsi, 2016; Tcrp,
138). In recent years, researchers have begun developing methods to estimate
destination choice models (and their related utility parameters) from passive
data. Zhu (2018) developed a method to estimate a destination choice model
for taxi trips in Shanghai, relying on the scale of the GPS dataset to estimate
a robust model. Macfarlane (2020) use location-based services data for
park visitors in Alameda County, California to estimate a destination choice
model, and then apply that model to examine utility-based park accessibility
and equity. In order to use the Streetlight Data services, it is necessary to
choose a type of analysis, and if necessary supply origin and destination
polygons.
For each store contained in the NEMS-S data collection, our goal analysis
was to obtain the home block group of visitors represented in Streetlight
Data. This required us to create a polygon dataset of every grocery store
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contained in the NEMS-S data. We did this manually, drawing a polygon
around the store area as well as the parking lot area. This QGIS shapefile
was then uploaded to Streetlight Data to run the analysis. Streetlight already
contains information and polygons on block groups in the United States. The
analysis that we ran was a Zone Activity analysis. This allowed us to obtain
the home and work locations of any traveler who stopped in the supplied
grocery store polygon locations. We were able to get data for all modes of
travel, including bus, bike, car, and walking for the travel times and trips so
that we were able to have an account of all trips made, not just car trips. We
used the streetlight trip data from 2019 for all the analyses. From that we
were able to obtain flows from block groups to grocery stores.
After obtaining flows from home block groups to individual stores, we
constructed an analysis dataset by creating synthetic trip makers. In the
analysis we have 10,000 synthetic trip maker per county with 10 non-chosen
alternatives per trip maker. We combined these and all other variables into a
dataset together to have a dataset of 110,000 different alternatives with their
grocery attributes and mode utility.

4.5

Summary

We now have a dataset representing 10,000 individuals with their choice and
10 non chosen alternatives, and can estimate how the various store attributes
affect the choice to go to a particular store location.

5

Results

5.1

Overview

After the data is all collected, it is analyzed together to create different logit
choice models. This chapter presents results of the environment initially,
and then follows with the results of the choice models.

5.2

NEMS Environment

The NEMS data was collected and visualized in different graphs to be
able to more accurately visualize the differentiation between the different
grocery stores in the areas and the differentiation between the counties
themselves. These areas are all significantly different in area size as well as
total population and population density, so when analyzing the graphs it is
important to keep those differences in mind.

5.2.1 Comparison of Counties
To begin, we have the results of the NEMS cost score for the three different
counties in Figure 5.1.
The NEMS cost score is as shown in the legend, with a higher score
being when the store has more comparatively healthier goods that are
less expensive than the less healthy goods. It is interesting to notice the
comparison between the counties. For Salt Lake County we can see that
there does not seem to be a pattern for where the cost scores are highest and
lowest. In Utah County we can see that there seems to be a section near the
Orem through Lehi area that has much lower costs than the other areas in
the county and in San Juan County we can see that overall there seems to be
fewer high NEMS cost scores. Having a low NEMS cost score implies that
those stores charge more for healthier goods. When looking at a healthy
and accessible environment for stores it is important to consider the cost
of healthy goods in comparison to the cost of less healthy goods. San Juan
county having fewer high NEMS cost scores implies that in those stores their
healthier options are more expensive, making them less accessible to low
income demographics. It is interesting to compare between the counties
generally, however, even more interesting to note, is the particular store
differences, comparing perhaps a Walmart in all three counties and how the
score differs. In Figure 5.2 we can see that comparing the Walmart in the
different counties shows that they all have different NEMS cost scores.
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Figure 5.2: Walmart NEMS Cost Comparison

In Salt Lake County the Walmart NEMS Cost score ranges from 0-3, in
Utah County it ranges from -2-6, and in San Juan County it ranges from
3-7. This difference is interesting because it is all the same store, but the
difference in the scores shows that different locations have different costs for
healthier goods. Therefore, there are locations in San Juan county that are
perhaps the same distance from two different Walmart locations, but one
location has cheaper healthier goods, and so could be more desirable. In a
different view, if there are the two Walmart locations and the healthier one is
further away to make it less easy to access for a person without a personal
car, that makes the healthy environment less accessible, and is something
that could be improved with some specific transportation improvements or
public health policies.
We can next look at the results for the NEMS availability score for the
three different counties in Figure 5.3.
The NEMS availability score is a higher score when there are more
healthier options available in the store. In Salt Lake County we can see
that there appears to be a lot of variation in the scores, in Utah County
we can see that there seems to be a much larger proportion of high NEMS
Availability scores and in San Juan County we can see that there appears to
be a much larger proportion of low NEMS Availability scores. When looking
at the availability score, the stores that have a high number of healthy goods
available have a better score, and so for people looking to buy healthier
items, they woud desire a high NEMS availability score. However, as we
can see in these maps there are areas where there is a lack in stores with a
high NEMS availability score. This shows us that when looking at healthy
food environments, even if there is not a lack of a store location, there could
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Figure 5.4: Walmart NEMS Cost Comparison

still be a lack of a quality healthy store locations. Again, specifically in
San Juan County, which is the rural areas we can see that there is a lack in
availability of healthy goods in stores. In order to create equitable nutrition
environments it is important to include this healthiness attribute in the
store, not simply the existence of a store itself. In addition to comparing
between counties for all stores, again we can look at the same store in the
three different counties. Choosing Walmart again we can compare looking
at Figure 5.4.
In Salt Lake County it ranges from 24-27, in Utah County it ranges from
23-28, and in San Juan County it ranges from 25-26. Again we can see that
although they all have relatively high NEMS availability scores, there is
a difference between the stores for the different counties. Although all of
the stores are Walmart brand stores, there are locations with fewer healthy
options available. There is a difference in healthy food availability depending
on where you are, creating a healthy food equity disparity.
Last, we can look at the market basket score for the different counties in
Figure 5.5. The market basket score is just simple dollar amounts, so the
higher the score the more expensive the store.
In Salt Lake County we can see that there seems to be a large number
of stores in the mid market basket range of 150-170, in Utah County we can
see that there is a large proportion of stores that have a low market basket
score and in San Juan County we can see that there appears to be a larger
proportion of stores with a high market basket score. The market basket
score is perhaps the most indicative of differences between the counties.
Especially for those in low income populations, more expensive stores are
less accessible, not because of distance but because of economy. Because
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Figure 5.6: Walmart NEMS Cost Comparison

San Juan County has quite a few stores with a high market basket score,
it could perhaps be more beneficial in San Juan County to have a policy
that decreases the price of healthy goods Again when we look at the same
store for all three counties we can see a distinct difference in Figure 5.6 even
though it is the same store.
In Salt Lake County the market basket score ranges from around 124-128,
in Utah County it ranges from about 91-149, and in San Juan County it ranges
from around 121-138. Again we can see that there is a difference between the
stores for the different counties. Utah county has the larges variation with
the highest and lowest score, and the other two counties are more expensive
on average. There is a difference overall cost of goods where you live and
where you shop even if it is the same brand. If a person cares the most about
cheap cost of goods, they would have a different accessibility even if they
lived the same distance from two different Walmart stores with different
market basket scores.
These graphs show that there is a difference in the NEMS scores and
market basket scores between counties and between stores, even stores that
are in the same area may have extremely different scores, and this can impact
the desire a person has to go to that store. An interesting comparison is to
see if there is some sort of correlation between the NEMS scores, whether a
high NEMS cost also correlates to a high NEMS accessibility, or if there is not
any correlation. When we look at the interaction between the NEMS scores
for the different counties, colored by type of store we can see the variation
and any correlation more clearly in Figure 5.7.
In this graph we can see that for all the counties, there is a general
trend that as the scores increase in NEMS availability, their NEMS cost also
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Figure 5.7: County NEMS Score Comparison

increases. Therefore, if there are more healthy goods available, there also
tends to be cheaper healthier goods. This means that for stores that are
larger with more options there is more of a likelihood that they have cheaper
healthy goods. From the variation in the scores it is evident that there is a
large variation in scores, we will then develop the models to identify which
scores matter most to which areas and how the scores affect each other.

5.3

Utility Logit Models

We create a number of different logit models, each having a different set of
variables included. The models are then analyzed for which variables have
significance and then combined to be able to create the best model with all
significant variables. When analyzing significance we look at both p-value of
different variables, as well as the log likelihood of the model itself. Once the
best models are discovered, these can be used to find the overall accessibility
of grocery stores in the three different counties as well as significant variables
for choice decision making in the different counties.

5.3.1 Utah County
For Utah county out of all the models that were run, the ones that seemed
to be most representative of actual choice decision making and statistically
significant were the models as shown in Table 5.1.
An analysis of these models shows that when only considering the time
it takes to get to the store by car in the “Car” model people are less likely to
go to a store that is further away. When looking at the “MCLS” model we
can see that because the values is so high people care significantly about the
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mode of travel to get to a store. When not including time or type of travel
and only looking at the different NEMS variables we can see that the “Cost”
model alone is a slight positive for the NEMS cost score, showing people like
stores more where healthy foods are cheaper, in addition when looking at
the availability and market basket scores in the “Availability” and “Market”
models, people like stores where there is a greater availability of healthy
foods and a cheaper market basket cost overall. However, the interesting
thing about these variables together in the “All-NEMS” model, is that it
shows that the cost variable when included in the same model with the
market basket variable changes from a positive to a negative value, implying
that people care about general low cost of goods, not necessarily the low cost
of healthier goods. As far as cost and availability are concerned, those two
are generally connected with the type and size of store. In the “NEMS-Size”
model and “All” model When looking at these variables people are much
more likely to go to a general grocery store than any other type of store, and
the larger stores also are preferred. One interesting this when adding all
these variables in the same model and comparing the “NEMS-Car” model
with the “All” model is that the NEMS cost score again changes sign, from
negative back to positive and in addition, the availability score changes from
positive to negative. This implies that since the type of store and distance of
the store have an effect, people care more about general cost of goods as well
as distance than they do about availability of healthy goods.

5.3.2 Salt Lake County
For Salt Lake County out of all the models that were run, the ones that
seemed to be most representative of actual choice decision making and
statistically significant were the models as shown in Table 5.2.
When looking at these models we can see that in the “Car” model only
considering the time to get to a store by car people again are less likely to go
to a store that is further away. When looking at the NEMS variables we can
see that in the “Cost” model the NEMS cost score alone is a slight positive,
showing people prefer stores with cheaper healthier goods, as well as in
the “Availability” model the availability score value is positive, showing
availability of healthy goods is also a factor that people like in stores. In
addition, when you look at the “Market” model with the market basket
score alone, people prefer stores that are less expensive. All these variables
separately have a significance on the choice of store, but looking at them
together in the “All-NEMS” model we can see that the NEMS cost score
is much less important, and stores with cheaper goods overall are more
desirable. Adding in other variables such as size of store in the “NEMS-Size”
model helps us see that again size has an impact on the store people would
choose, that they would rather go to a slightly larger store, which changes our
cost value and makes it again significant, because there is a greater possibility
that healthier goods are cheaper at larger stores. In addition we ran two final
models, one including the type of store in “NEMS-Type”, and one including
other variables such as if it is an ethnic store, has a pharmacy, or sells other
merchandise. Those variables are in the model “All”. Comparing these

10 000
−19 810.13

−0.304***
(0.004)

10 000
−19 811.67

10.846***
(0.136)

MCLS

Standard errors in parentheses
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Num.Obs.
Log Likelihood

Sells Merch

Contains Pharmacy

Ethnic Store

Other

Grocery Store

Size by Register Count

Market Basket Score

NEMS Availability Score

NEMS Cost Score

Mode Choice Logsum

Drive Time

Car

10 000
−23 972.02

0.018***
(0.005)

Cost

10 000
−19 987.76

0.141***
(0.002)

Availability

10 000
−22 683.76

−0.031***
(0.0006)

Market

10 000
−19 809.5

−0.048***
(0.005)
0.129***
(0.002)
−0.014***
(0.0008)

All-NEMS

10 000
−15 857.78

−0.013*
(0.005)
0.134***
(0.002)
−0.013***
(0.0009)

−0.307***
(0.004)

NEMS-Car

Table 5.2: Salt Lake County Destination Choice Utilities

10 000
−14 633.99

0.049***
(0.006)
0.002
(0.003)
−0.008***
(0.0009)
0.118***
(0.003)

−0.330***
(0.004)

NEMS-Size

10 000
−14 595.39

0.047***
(0.006)
0.019***
(0.004)
−0.009***
(0.0009)
0.117***
(0.003)
−0.503***
(0.059)
0.009
(0.128)

−0.330***
(0.004)

NEMS-Type

10 000
−14 547.2

0.050***
(0.007)
−0.018**
(0.006)
−0.009***
(0.001)
0.126***
(0.004)
0.029
(0.076)
0.627***
(0.143)
−0.675***
(0.070)
−0.082*
(0.038)
−0.230***
(0.060)

−0.332***
(0.004)

All
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models we can see that with just the type of store it seems as if people would
prefer a different type of store over a normal grocery store, which is unusual,
but when we add in the other values we can see that both having a pharmacy
in the store and selling other merchandise are variables that are not desirable
for the Salt Lake store. Since these are frequently found in normal grocery
stores, it makes sense that other types of stores would be more desirable
such as health stores, corner markets, etc. that only sell food. Overall, the
NEMS scores imply that for Salt Lake County some cheaper healthy goods
are more important than more availability of healthy goods.

5.3.3 San Juan County
For San Juan County out of all the models that were run, the ones that seemed
to be most representative of actual choice decision making and statistically
significant were the models that were chosen are shown in Table 5.3.
When looking at these models again we can analyze all the different
variables individually first. The time to get to a store by car in the “Car”
model shows that people care about the distance to a store. In addition,
the NEMS scores show us in the “Cost” model that people care about less
expensive healthy foods, in the “Availability” model that they car about
more availability of healthy foods, and in the “Market” model that they care
about less expensive stores overall. When adding in the size of the store in
“NEMS-size” we can see that size is important for those in San Juan County,
but does not affect the values of the other NEMS scores very much. However,
when adding in the type of store in “NEMS-type” we can see that the type
of the store does have more of an affect on the variables, and people prefer
grocery stores to other types of stores. Finally when we add in the other
variables in the “All” model we can see that the variables of containing a
pharmacy and also selling merchandise are important, and change the value
for size. This could imply that when looking at stores, the bigger grocery
stores are more desirable, and those stores frequently are the stores that
also contain a pharmacy and sell other types of merchandise. combined all
together, we can see that for San Juan County the variables that seem to be
more important are the size of the store and the overall cost of the goods,
whereas they care less about the healthy food availability and the time to get
to a store. This makes sense because the stores are so spread out in San Juan
County that many people have to drive over an hour to get to the nearest
store, so driving an extra 15 minutes to get to a better store may not have as
much of an influence on their decisions.
5.3.4 Comparison between Counties
In order to get a better idea of how the models compare with each other
between counties we will place them all in the same table together. This is
shown in Table 5.4.
When looking at them all together, we can see that in the “San Juan
County” model it seems to be least affected in their decision by travel time
by car with the smallest negative value. In addition, they also seem to care
the most about overall cost of goods. Since San Juan County is so spread out

10 000
−19 471.38

−0.021***
(0.0002)

10 000
−19 471.38

0.758***
(0.009)

MCLS

Standard errors in parentheses
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Num.Obs.
Log Likelihood

Sells Merch

Contains Pharmacy

Ethnic Store

Other

Grocery Store

Size by Register Count

Market Basket Score

NEMS Availability Score

NEMS Cost Score

Mode Choice Logsum

Drive Time

Car

10 000
−19 049.81

0.488***
(0.005)

Cost

10 000
−17 484.14

0.179***
(0.002)

Availability

10 000
−19 742.22

−0.047***
(0.0005)

Market

10 000
−16 408.52

0.265***
(0.006)
0.094***
(0.003)
−0.019***
(0.0008)

All-NEMS

10 000
−11 475.76

0.177***
(0.007)
0.109***
(0.004)
−0.049***
(0.001)

−0.030***
(0.0004)

NEMS-Car

Table 5.3: San Juan County Destination Choice Utilities

10 000
−11 231.7

0.088***
(0.008)
0.104***
(0.004)
−0.038***
(0.001)
0.040***
(0.002)

−0.034***
(0.0005)

NEMS-Size

10 000
−10 809.03

0.123***
(0.009)
0.013**
(0.005)
−0.032***
(0.001)
0.048***
(0.002)
1.508***
(0.145)
−1.851***
(0.203)

−0.034***
(0.0005)

NEMS-Type

10 000
−10 453.55

0.070***
(0.011)
−0.026**
(0.009)
−0.028***
(0.001)
0.024***
(0.003)
2.029***
(0.176)
−1.943***
(0.205)
−0.545**
(0.194)
1.477***
(0.061)
1.663***
(0.097)

−0.039***
(0.0006)

All
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Figure 5.8: All Counties Destination Choice Utilities
Table 5.4: All Counties Destination Choice Utilities

Drive Time
NEMS Cost Score
NEMS Availability Score
Market Basket Score
Size by Register Count
Grocery Store
Other
Ethnic Store
Contains Pharmacy
Sells Merch
Num.Obs.
Log Likelihood

Utah County

Salt Lake County

San Juan County

−0.278***
(0.003)
0.029***
(0.007)
−0.063***
(0.003)
−0.024***
(0.001)
0.042***
(0.002)
2.629***
(0.272)
1.073***
(0.297)
−2.242***
(0.101)
0.585***
(0.038)
1.020***
(0.043)

−0.332***
(0.004)
0.050***
(0.007)
−0.018**
(0.006)
−0.009***
(0.001)
0.126***
(0.004)
0.029
(0.076)
0.627***
(0.143)
−0.675***
(0.070)
−0.082*
(0.038)
−0.230***
(0.060)

−0.039***
(0.0006)
0.070***
(0.011)
−0.026**
(0.009)
−0.028***
(0.001)
0.024***
(0.003)
2.029***
(0.176)
−1.943***
(0.205)
−0.545**
(0.194)
1.477***
(0.061)
1.663***
(0.097)

10 000
−10 688.33

10 000
−14 547.2

10 000
−10 453.55

Standard errors in parentheses
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001
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it makes sense because an average drive time to get to the nearest grocery
store for San Juan County is significantly less than that of Utah County or
Salt Lake County. However, it is interesting that San Juan County seemed
to care most about overall cost. This might suggest that those in San Juan
County are willing to drive even further for lower prices, since they are
already driving far anyway. As far as habits and life it would make sense
that those in San Juan County go to the grocery store far less frequently,
and so drive further, and make a large trip so want to get the cheapest price.
Salt Lake County seems to make their decision with a large consideration
being travel time by car with the largest negative for Drive Time, but the Salt
Lake County stores are least affected by whether or not the store is a general
Grocery Store. When looking at the demographic of Salt Lake County this
could be because the area is much more dense, and the stores are close
together. Because the stores are already close together compared to the other
counties, those in Salt Lake County are even less willing to drive further
to a store. For the grocery store attribute, it is interesting and may have an
impact when looking at stores that are perhaps focused on health, or ethnic
stores that fit a demographic. Salt Lake County has more diversity than the
other counties, so they may be more likely to go to ethnic food stores than
other grocery stores. In the “Utah County” model it shows that there is a
significant effect of travel time as well, but the NEMS availability score is the
largest negative, so Utah County stores are least affected by whether or not
there are healthy foods available. The factor that seems to matter the least in
Utah county when compared with the other counties is the NEMS cost score.
In addition, Utah county grocery store choice is also affected by the market
basket cost, so overall cheap goods are important, but availability and cost of
specifically healthy goods are not as important to the model.This could be
because healthier goods are frequently more expensive, so it is the cheap
foods that are most important not healthy foods. When looking at equity it
is important to consider how we could improve the availability of healthy
goods, and when looking at Utah County it seems that lowering the cost
of healthy goods would be more significant than simply supplying more
healthy goods.

5.3.5 Socioeconomic Factors
Another way that we can analyze the data is by analyzing it according
to different socioeconomic factors. Therefore, the following models were
all run with just the grocery store variables and the travel times variables
taken into account, but run for different groups. We ran the models for
Utah county including different socioeconomic variables. These variables
include household income, black population percentage per block group,
and Hispanic population percentage per block group. The threshold values
that were chosen for income was 52,000, with lower than or equal to that
being counted as a “lower income” for a family of four and higher than that
being “higher income”. This value was chosen as a middle ground between
the Utah County median household income of 77,057, and and the national
poverty threshold of 26,500 for a family of four. This data is found from the
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Utah County Census Data (DataUSA, 2020). For the block groups any block
group with a high percentage of African American individuals as anything
greater than or equal to 2%, while for Hispanic individuals anything greater
than or equal to 20% is considered a high percentage block group. These
values were chosen based on the distribution of the block groups in Utah
county, and choosing a value that accurately represented a relatively high
percentage. The resulting models are shown in Table 5.5.
In this table we ran all models using the same variables of Drive Time, the
NEMS Cost score, NEMS Availability score, and Market Basket Score. We can
see that in the “Lower Income” model that the lower income block groups
care less about healthier goods, and significantly more about the cost of
goods. However, the drive time does not change much for the lower income
model. This idea is logical, considering that those in lower income block
groups may worry more about cost of goods especially when comparing
with those of higher income block groups, and may be willing to travel
a bit further for cheaper goods. For the “Higher Income” model we can
see that the drive time matters exactly the same as for all data combined,
whereas the NEMS availability score and cost score are significantly more
important, with the market basket score being less important. This shows
that higher income populations care more about availability of healthy goods
than they do about cost of the goods. In the “High Percentage of African
American” model we can see that block groups with a high percentage of
African American individuals care the most about the market basket cost
than any of the other groups, and care the least about drive time. So these
block groups would be more willing to drive further for a cheaper store than
other block groups. In the “High Percentage of Hispanic” model we can
see that the block groups with a high percentage of Hispanic individuals
care most about drive time compared with all other groups and are about
middle of the pack with all the other variables, caring second to least about
NEMS Cost score, NEMS availability score. These results can be compared
to help us see that different variables are important for different groups. It
also helps to have this larger picture of the variables that matter to different
groups of individuals. This can help planning in cities to make certain that
minority groups have the same accessibility to grocery stores, taking into
account the things that are important to those groups. In this way policies
can be established that help those groups in particular, rather than general
policies that may or may not be of benefit to minority groups.
Using these chosen models and variables, we can create accessibility
maps, showing the graduated accessibility of different block groups in the
county. The accessibility graph for Utah County is shown in Figure 5.9.
As can be seen in this figure, there are areas with significantly higher
and lower accessibility, and even in similar regions the accessibility can
vary drastically. Using the variables calculated in the models we are able to
accurately predict accessibility for different block groups, which in turn will
allow us to use those values to improve accessibility in identified regions.

10 000
−12 878.53

1500
−2113.921

−0.256***
(0.008)
−0.209***
(0.016)
0.030***
(0.005)
−0.041***
(0.002)

−0.258***
(0.003)
−0.036***
(0.006)
0.061***
(0.002)
−0.032***
(0.0008)

Standard errors in parentheses
+ p < 0.1, * p < 0.05, ** p < 0.01, *** p < 0.001

Num.Obs.
Log Likelihood

Market Basket Score

NEMS Availability Score

NEMS Cost Score

Drive Time

Lower Income

Base Data

8422
−10 547.91

−0.258***
(0.003)
−0.010
(0.006)
0.066***
(0.003)
−0.031***
(0.0008)

Higher Income

879
−1157.592

−0.245***
(0.010)
−0.068***
(0.019)
0.059***
(0.008)
−0.042***
(0.003)

High Percentage of African American

Table 5.5: Utah County Destination Choice Utilities with Socioeconomic Segmentation

1734
−2280.29

−0.268***
(0.008)
−0.111***
(0.014)
0.054***
(0.005)
−0.037***
(0.002)

High Percentage of Hispanic
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Figure 5.9: Utah County Accessibility

6

Conclusions

6.1

Overview

After creating all the models and finding the significant variables for different
counties and different socioeconomic groups, we can use those results to help
make a difference in transportation and public health policy. This section
describes the significant variables that we found, and why they are important.
It then describes some possible errors that may have been introduced in the
model, and how this model can be used on an even larger scale to help more
areas have better equity in nutrition environments.

6.2

Signiﬁcant Choice Model Variables

With all the models run we have found significant evidence showing that
different variables, such as cost of goods, size of store, income level, and
travel time to the store all have an effect on the choices that people make when
choosing which store to go to. Therefore, when analyzing accessibility it is
important to include these variables as well as just travel time and distance.
Since travel times is one of the most common factors included in accessibility
analysis, most of the existing accessibility measures and research that has
been done includes travel time, simple buffers, or by different variables.
However, including the other variables provides a more accurate accessibility
model. This is important especially as cities try to make certain that there is
equitable access to resources for all ethnic groups and income levels. As was
discussed in the literature review, in low income groups there is evidence
that low income groups frequently may choose to go to a store that is not
the closest, and these variables supply some evidence into why, that those
stores may be cheaper, larger, or have more healthy goods available. This is
also true for minority groups. These models will provide a great benefit for
any significant transportation policy, in improving equity among different
socioeconomic populations in regards to healthy nutrition environments.

6.3

Future Research

There may be error that was introduced in the accessibility analysis. These
can happen from the initial analysis of the Streetlight Data, from the data
collection in the grocery stores, and from the simulated models created.
However, with all of these processes, we limited the amount of error through
sample size, as well as data collection methods. We are confident that
40
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although there may be some error in the model, it is not significant enough
to affect the overall results that were obtained.
This model may be used in the future for other projects. The reason that
synthetic trips were modeled and three different counties were used was to
create a robust enough model that it could be applied across counties and
areas that were not included in the data collection. Since the data we have
is based upon block group data and grocery store data, we can apply the
models to similar block groups and grocery stores to find the accessibility for
those as well. In order to to more analyses like this, it would be necessary to
buy additional data from Streetlight and conduct additional data collection
on other grocery stores. The NEMS survey is on Qualtrics and may be
available to use upon request, and the function used to analyze and calculate
the NEMS score for stores is available for free on GitHub. In addition the
overall analysis methods and processes used in R can also be found on
GitHub.
This model as is can be used in planning to help identify which areas need
better accessibility to stores, and that can be solved by either adding new
stores, better stores, or improving travel routes to the stores. The planning
process would require some technical knowledge, but would be beneficial
for planning committees.

6.4

Summary

In order to find true accessibility to grocery stores it is important to take into
account different factors such as store type and size. From our models and
results we also found that other variables such as cost of healthy goods, type
of grocery store, and brand of grocery store also can have an effect on the
choice to go to a grocery store, and therefore the accessibility of the store.
We can use these variables that were identified in this research in order to
find more accurate measures of accessibility for different areas and groups
in Utah, and use this to improve equity for all ethnic groups, income classes,
and other minority groups to help create a truly equitable society.
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